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All gas phase fundamental vibrational intensities for vinylidene fluoride and its deuterated modifications have 
been measured. lsotopic invariance. G sum rule. and quantum chemical information have been used in 
selecting preferred experimental values for the dipole moment derivatives and polar tensor elements of these 
molecules. The values of these intensity parameters are compared with those found for other molecules. The 
experimental values are interpreted in terms of electronic charge distortions occurring in these molecules for 
the various vibrations. 
INTRODUCTION 
Gas phase intenSity studies on series of closely re-
lated molecules are important for several reasons. 
One hopes to correlate peculiarities of the deformed 
electron cloud for specific vibrations with the chemical 
and physical properties of the series of molecules. 
From a more practical point of view, infrared intenSity 
parameters, such as polar tensors1 and electro-optical 
parameters,2 for such a series are extremely valuable 
in the construction of models, which are useful in the 
prediction of vibrational intensities for other molecules. 
Although intensity measurements have been made on 
several series of molecules, such as CH3X (X=F, Cl, 
Br, and 1), 3 X2CY, (X = F, CI, and Br, Y = 0 and S)4 and 
the hydrocarbons5 among others, intensities for iso-
meric species have not been reported. One can expect 
that the comparison of intenSity parameters for an iso-
meric group of molecules will be especially revealing 
concerning several questions of fundamental interest. 
Are effective charges invariant for groups of related 
molecules? Can polar tensors or electro-optical pa-
rameters be successfully transferred within a series 
of molecules? Do deformations in the electronic den-
sities, caused by similar vibrations in isomeric mole-
cules, really reflect the similarity status given these 
molecules by chemists? 
In an attempt to answer these and other questions, a 
systematic study of the difluorethylene gas phase in-
tensities was undertaken some time agO.8 In spite of 
the importance of these experimental data, these re-
sults are only now being reported in the scientific lit-
erature for two main reasons. First, the resolution 
of the sign ambiguity problem in the ap/aQ, values is 
especially difficult for vinylidene and cis-difluoroethyl-
ene because of the large number of active fundamentals. 
Although the isotopic invariance criterion of dipole 
moment derivatives? has been the most useful method 
for resolving these ambiguities, it alone is not suffi-
cient to solve this problem completely for the difluoro-
ethylenes. In recent years, confidence in other meth-
ods to tackle this problem has grown. In this work, 
specific use of quantum chemicalS and G intensity sum 
rule calculations9 is made to help resolve the sign am-
biguity problem. Second, for these molecules, over-
lapping fundamental bands also cause seriouS problems 
in the reduction of experimental intenSity values into 
molecular parameters. The G sum rule is not only 
useful in verifying that band separations have been 
made properly, but it can provide a theoretical cri-
terion for the correct separation of overlapping bands. 
In this manuscript, attention is focused on the experi-
mental determination and interpretation of the gas phase 
vibrational band intenSities of I, 1 difluorethylene and 
its mono- and di-deutero analogs. Probable values for 
the dipole moment derivatives, polar tensors, and 
atomic effective charges are reported. These results 
are compared with the values found for these quantities 
in other fluorine containing molecules. In future manu-
scripts, corresponding results for cis- and trans-di-
fluoreoethylene and for cis- and trans-dichloroethylene 
are to be reported. 
EXPERIMENTAL 
Since a complete description of the experimental de-
tails involved in the intenSity measurements is lengthy, 
the reader is referred to the doctoral dissertation by 
Kagel. 6 In this section, some of the major aspects of 
the experimental routine are mentioned. 
Relatively pure samples of the vinylidene fluorides 
were prepared by N. C. Craig at Oberlin College. The 
absorption cells used were designed for high pressure 
measurments and have been described elsewhere. 10 
Potassium bromide windows 20 mm thick were used with 
cells from 2-16 cm in length. CeSium iodide windows 
were used in a specially designed 5 cm cell for the far-
infrared measurements. Pressures of the difluoro-
ethylenes were measured on a wide-bore-open-end 
mercury manometer. A correction factor was applied 
for the change in level of mercury in the well. The 
manometer was attached to a small volume filling line 
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which was constructed to accommodate small quantities 
of sample. All gas samples were pressurized with ar-
gon to a total pressure of 1000 psi. Those measure-
ments conducted in the far-infrared were restricted to a 
total pressure of less than 250 psi because of the me-
chanical limitations of the CsI windows. There was no 
evidence that the samples adsorbed on the cell windows. 
Intensity values were obtained using the Wilson-Wells 
methodll and the pressure broadening technique as first 
described by Penner and Weber. 12 Infrared intensity 
measurements were made on a Perkin Elmer model 12C 
spectrometer modified for double pass operation to 
eliminate stray radiation. Far-infrared intensities 
were measured on a Perkin-Elmer model 12C Single 
pass spectrometer fitted with CsI optics. The far-in-
frared techniques and instrumentation are described 
elsewhere. 101b) 
Spectra were recorded both on a chart for visual ob-
servation and on paper computer tape. The mechanics 
of the digital recording system and the treatment of the 
data are described in Ref. 13. 
C1H1F1 
The band intensities of the 11 infrared active funda-
mental vibrations of this molecule were initially mea-
sured by Overend14 using the assignments of frequen-
cies reported by Smith et al. 15 Re-examination of both 
the gas phase infrared and liquid Raman spectra re-
sulted in the revision of this assignment for IIt(At ), 
113(Ad, lIe(A2), and IIr(B1). 16 The revised assignment, 
band intenSities, and probable errors are listed in Ta-
ble I. Values for the band intensities of 1110 lis, and 117 
were redetermined from the original measurements 
made by Overend. 8 All other values are those mea-
sured by Overend. a 
C1D2F1 
Mass spectral analysis of the CgD2F2 sample used in 
this research showed that it was 96.26% pure. The in-
frared active fundamental vibrations are exactly anal-
ogous to those of C2H2F 2' The assignment of the funda-
mental vibration frequencies made by Edgell and Ultee17 
TABLE I. Observed fundamental frequencies and 




















926 64. 8± 17. 6 
550 5.1 ± 0.2 
3154 8.6±5.2 
1302 190.1± 19. 5 




TABLE II. Observed fundamental frequencies and 

































9.6 ± 1. 6 
0.5±0.0 
28.9±0.5 
5. 9± 1.3 
and the band intensities determined in this work are 
given in Table II. The intensity measurements pre-
sented no special problems. Separation of overlapped 
bands was relatively straightforward. 
C2 HDF1 
Because of the low symmetry of this molecule (C s ), 
all of the fundamental vibrations as well as all overtone 
and combination bands may be infrared active, This 
gives rise to a rather complex spectrum involving many 
overlapped bands. We shall not attempt to interpret 
directly these data and therefore we need not be con-
cerned about the separation of overlapped bands. The 
sample of CaHDF 2 used in these measurements was 
determined to be 96.99% pure by mass spectrometry. 
ASSignment of the fundamental vibrations was made by 
Edgell and Ultee. 17 These, together with the observed 
band intensities, are listed in Table III. 
Overlapped band problems 
The vibrational spectra of both 1, 2-CgHgFa and 1, 1-
CgDgF 2 manifest several pairs of overlapping funda-
TABLE III. Observed fundamental frequencies and intensities 
















aUnits of km mol-to 













AI' expt. a 
2.1 ± O. 2 
7.8±0.3 
203. 7± 1. 9 









bCalculated using the polar tensor in Table IX. 
c'" and "5 not separated. 
d"l and "to not separated. 
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FIG. 1. The Cartesian coordinate system. atom numbering 
scheme, and internal coordinates of vinylidene fluoride. 
mental bands. This problem is more severe for CaHaF a, 
for which the vl(A1)-V7(B1), 1I3(A1)-1I8(B1), and 114(.41)-
V9(B1) pairs of overlapping bands cause considerable 
problems. Although the overlapping bands [111(.41)-111(.41), 
1I4(.41)-1I9(B1), 1I5(.41)-II12(B2)] are less troublesome 
for CaDaF a, they do prevent us from using the intensity 
values for the deuterated molecule as a basis for cal-
culating accurate individual intensities for CaHaF 2 • 
Since theoretical techniques18 for the separation of these 
\ I 
H F H F 
\ / \ / 
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I \ / \F H F H 













VII '0.018 fb) 
bands are not feasible, one is forced to calculate in-
tensity parameters using the intensity values with their 
relatively large error estimates due to band separation 
uncertainties (see Tables I and II). To indicate the 
stability of the parameter values within these uncer-
tainty limits, &p/&SJ and polar tensor values were cal-
culated as a function of band separation ratios. These 
results are discussed later. 
CALCULATIONS 
Dipole moment derivatives and polar tensor elements 
were calculated using the usual equations. 1(&) A Car-
tesian coordinate system and atom number scheme 
identical to the ones depicted in Fig. 1 were used. This 
figure also includes the definitions of the in-plane in-
ternal displacement coordinates. Table IV contains the 
definitions of the symmetry coordinates and of the out-
of-plane internal coordinates. Values of the rotational 
corrections to the symmetry coordinates and the corre-
sponding reference molecule distortions in Cartesian 
coordinate space are shown in Fig. 2. A permanent 
dipole moment value of -0.285 eA1s and the equilibrium 
geometry of Ref. (20) were employed in the calculations. 
The L-1 matrices used are given in Table V and were 
calculated using the force field given in Ref. 6. 
In the Al and Bl symmetry species, the isotopic in-






FIG. 2. Symmetry coordinate 
distortions and rotational correc-
tion values for the B1 and B2 sym-
metry coordinates, (a) in-plane 
and (b) out-of-plane. 
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TABLE IV. Symmetry coordinates of 
vinyUdene fluoride. 
5t =R t 
52 = 1/12 (R2 +R3) 
53=1/12 (R,+R 5) 
5,,=1/16 (2a t -P3 -P6) 
55 = 1/16 (20'2 -f3" -,85) 
51 = 1/12 (R2 -R3) 
58 = 1/12 (R, -R5) 
5, = IN2 (86 -P3) 
510 =IN2 (8,-{3s) 
511 = 1/12 (111 +112)& 
5 12 =113 a 
~1 =aL (between bond Cl-~ and plane 
CI-C2-Fs). 1)2=at(between bond Cl -
H3 and plane Ct-C2-F,I. 113 =£\ L (be-
tween plane Ct-C2-FS and plane Cl-
Cz-F,). 
Kagel et al.: I nfrared intensities of l,l-C2 H 0 F 2 
atomic effective charge values, were not sufficient to 
determine unique pairs of sign choices of the ap/aQ,'s 
for CaHaF a and CaDaF a. For this reason, CNDO/2 
molecular orbital results, which have been quite suc-
cessful in predicting algebraic signs of dipole moment 
derivatives,8 are also used in our attempts to resolve 
the sign ambiguity problem. 
DIPOLE MOMENT DERIVATIVES 
A 1 symmetry species 
apl8s J values corresponding to the 24 and 25 alter-
native sets of sign combinations of the ap/aQj of vinyli-
dene fluoride and vinylidene-da fluoride, respectively, 
were examined for possible isotopically invariant pairs. 
This symmetry species for C2H2F a contains only 16 al-
ternative sets of signs because of the null lis band in-
tenSity value (see Table I). Atomic effective charge 
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TABLE VI. Experimental and CNOO calculated derivatives of the AI symmetry species of I, 1-CzHzFz and 
l,l-CzDzFz•
a 
8P./8S, &P./8S2 ap/as3 ap .. /8S4 ap/as, 
h2(++0-+) +0.552±0.123 +0.263±0.019 -1.219±0.188 +0.112±0.04B -0.220±0.020 
d2(++--+) +0.564±0.060 +0.353±0.013 -1.324 ± 0.033 
+0.076±0.007 - 0.264± O. 024 
h2(++0-_)b +0.315 + O. 251 -1.029 
+ 0.129 + 0.152 
d2(++---) +0.259 +0.329 -1.154 
+ 0.120 +0.139 
CNDO +0,556 -0.006 -1. 001 +0.067 +0.348 
aUnits of electrons, e and e A/rad. Ie =4. 803 D/A = 1. 60 X 10-19 C m. 
~he preferred set of signs of the aplaQ, (+ +0 - -) indicates that aplaQI and aplaQ2 are poSitive, ap/aQ3 is null, 
whereas aplaQ4 and aplaQ, are negative. See the text for discussion. 
values calculated from the atomic polar tensors for all 
the sign combinations of these molecules were com-
pared with those values indicated by the G intensity 
sum rule. The above analyses indicated that only the 
(+ + 0 - +) and (+ + - - +) and the (+ + 0 - -) and (+ + - - -) 
sets for CaHaFa and CaDaFa, respectively, satisfy both 
the isotopically invariant and G sum rule requirements 
within experimental error. The aplas j values for these 
sign combinations are given in Table VI. As such, only 
the sign of apl&Qs, which has a small magnitude, re-
mains uncertain. 
The CNDO calculated values, also listed in this table, 
can be used to choose between the two alternative pairs. 
rhe theoretical magnitude of ap.lasz is much too small 
to allow confidence in its calculated sign. However, 
the magnitudes of the other values are of reasonable 
size and have signs which agree with those of the 
(+ + 0 - -) and (+ + - - -) combinations. The sign of 
ap.I ass found from the (+ + 0 - +) and (+ + - - +) combina-
tions is opposite to that of the calculated one. 
8 1 symmetry species 
Isotopic invariance and G sum rule requirements are 
successful in eliminating most of the alternative sets 
of apJas} values for CzHzFz and CaDzFz. Only four 
possible pairs of isotopically invariant aplas} values, 
listed in Table VII, warrant consideration as the cor-
rect one. Two pairs, corresponding to the (+ + + -) and 
(++++) signs of the aplaQt's, are in complete agree-
ment with the CNDO calculated signs. The other pairs 
(- + + -) and (- + + +) differ from the CNDO results in 
their signs for ap,/as7 • Moreover, neither of these 
latter sign choices is probably correct for the following 
reason. For most molecules containing CH bonds, CH 
stretching motions correspond to dipole moment changes 
of a sense such that the H atom of the stretched CH bond 
acquires a more negative polarity, i. e., C+H-, contrary 
to the polarity indicated by a positive sign for apJas7 • 
Only two molecules, HCN and CaHa, are well established 
exceptions to this rule. 
The (+ + + -) and (+ + + +) sign choices differ only in 
their attributions for the sign of ap,/ aQIO' Since this 
derivative has very small magnitudes (AIO:= O. 6 and 
0.5 for CzHzF z and C2DaF a) the aplas} values for both 
sign choices are almost identical within experimental 
error. For this reason, average values (ap,/as7 = 
- 0.08, apxlaSa = -1. 04, ap,Jas9 = + O. 05, and apJaslo 
=0.19 in e and e A/rad) are used as the preferred val-
ues for the Bl symmetry species dipole moment deriva-
tives. 
8 2 symmetry species 
There are only two dipole moment derivatives in this 
species. Both the isotopic invariance criterion and the 
TABLE VII. Experimental and CNDO calculated derivatives of the BI symmetry species of 
I, 1-C2H2F2 and 1,l-C2D2F2' a 
apxlaS7 apxlass apxlaS9 ap/aslo 
h2(+++ _)b -0.097±0.041 -1.080±0.168 +0.072±0.061 +0.149±0.028 
d2(+++-) -0.055±0.016 -1. 097 ± 0.032 +0.065±0.01l +0.113±0.011 
hz(-++-) +0.081 -1.080 + O. 072 +0.151 
dz(-++-) +0.026 -1.096 +0.066 +0.116 
hz(++++)b - 0.104 -0.973 + O. 044 +0.269 
dz(++++) - 0.064 =-hQQl. + O. 018 +0.236 
hz(- +++) +0.073 -0.972 + O. 044 +0.271 
d2(-+++) + O. 018 - 1.001 + O. 019 +0.239 
CNDO -0.060 -0.833 +0.110 +0.314 
aUnits of electrons e and e A/rad. 
bpreferred sign choices of the ap/aQ,. Only the sign of ap/aQlo remains indeterminant. The 
other signs are all positive. 
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TABLE YIn. EXperimental and CNDO calculated 
dertvati ves of the B 2 symmetry species of 1 , 1-
C2H2F2 and 1,l-C2DzF2• a 
ap~/asll ap~/aSI2 
hz(- _)b - O. 247 ± O. 002 +0. 068±0. 007 
dz(-+) -0.245±0.010 +0.068±0.014 
h2(++) +0.211 -0.195 
d2(+-) +0.185 -0.172 
hz(-+) -0.256 +0.113 
d2(-+) -0.245 + O. 068 
CNDO -0.289 - 0.118 
aUnits of electrons, eA/rad. 
bpreferred set of signs of aplaQj (- -) indicates 
that ap laQu and aplaQI2 are negative. See the 
text for discussion. 
G sum rule requirement indicate that the (- -) and (- +) 
sets for CaH2F2 and CaDaFa, respectively, are the cor-
rect ones. The corresponding aplas} values are pre-
sented in Table VIll. The CNDO sign and magnitude 
are in excellent agreement with the experimental values 
of ap/asu for these sign combinations. However, the 
theory predicts a negative sign for apy/asIa, whereas 
the preferred experimental value has a positive sign. 
Possible reasons for this discrepancy are discussed 
in the next section. No other pair of dipole moment 
derivative values for C2HzF z and CzDaF 2 satisfies the 
isotopic invariance condition. The alternative pair in 
Table vrn, (++) and (+-) for C2H2F 2 and CaD2Fa, re-
spectively, which of all the rest of the pairs most 
closely satisfies the isotopic invariance criterion, has 
a negative sign for apy/aSI2 . But this pair has positive 
signs and relatively large absolute magnitudes for ap/ 
asu contrary to the results predicted by the theory. 
Certainly, the isotopically invariant pair (- -) and 
(-+) is preferred over the alternative pair (++) and 
(+ -) based on comparison with the theoretical values. 
The (-+) combination of signs for CaH2Fa (also given 
in Table vm) has values of aplas} which are quite sim-
ilar to the values for the (- -) set of signs. However, 
the latter set of signs is isotopically invariant within 
experimental error with the (- +) set for CaDaFa, where-
as this is not true for the former set of signs. 
DISCUSSION 
Two inter-related reasons for obtaining reliable in-
tensity parameters are (1) to study the trends in such 
parameters for a series of related molecules and (2) 
to use these parameters to calculate intenSity values 
for molecules which have not been subject to experi-
mental investigation. One can convert the aplas; val-
ues to values of atomic polar tensors or electro-optical 
parameters, depending on one's personal taste. Here, 
we choose the polar tensor formalism; however, once 
polar tensors have been calculated for all the difluoro-
ethylene isomers, a detailed study of their electro-
optical parameters should also be undertaken. 
The atomic Cartesian displacement coordinates for 
the carbon atoms are equivalent to the ones illustrated 
in Fig. 1. For the H and F atomic polar tensors, the 
more convenient localized coordinate systems given in 
Fig. 3 are usedo The values of the atomic polar ten-
sors for CaHaFa, corresponding to the aplasj values 
preferred here, are presented in Table IX along with 
the corresponding values of the atomic effective 
charges. Theoretical values of the vibrational inten-
sities of CaHDFa calculated using these atomic polar 
tensors are given in Table illo Agreement between the 
calculated and experimental values is excellent. 
The fluorine effective charge is within about 10% of 
the values found for other fluorine containing mole-
cules (CH
3
F, 21<a) CHaFa, 21(b) CHF3, 18(a) C6Fa,9(b) etc.). 
In contrast, the hydrogen effective charge 0.2ge is 
larger than the range of values normally found for this 
quantity (0. 16-0. 18e) for most of the hydrocarbons and 
CHsF. alIa) This value is in excellent agreement with 
the value calculated from the fundamental intenSity sum 
based on the G sum rule (0.28 ± O. 12e). However, these 
values are still lower than the ones found for hydrogen 
cyanide and acetylene. 22 
The carbon effective charge and polar tensor values 
clearly show how much an effect different neighboring 
atoms can have on like atoms. The ~c value for the 
carbon bonded to fluorine is four times larger than the 
value found for the methylene carbon. The atomic polar 
tensors for these two atoms are also drastically dif-
ferent. One certainly expects to find different piC) and 
~c values for these nonequivalent carbon atoms. How-
TABLE IX. Atomic polar tensors and effective charges for l,l-CzH2F2' a 
(


























- O. 094± O. 031 -0. 010± O. 018 
0.000 
0.161 ± O. 014 
0.000 





h4 =1. 046 
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0.000 
-1. 013± 0.149 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:
143.106.108.134 On: Thu, 25 Jun 2015 18:45:03




FIG. 3. The localized Cartesian coordinate systems used to 
calculate the hydrogen and fluorine polar tensors of vinyl1dene 
fluoride. 
ever, the very large differences in these values, shown 
in Table IX, are especially unsettling since the trans-
ference of polar tensor values from molecule to mole-
cule is often the first approximation made in attempts 
to predict intensity values by empirical techniques. 
On the other hand, only the polar tensors of terminal 
atoms are normally transferred in intensity calcula-
tions. To date, the most frequently transferred tensor 
is the fluorine tensor of CHsF, which has diagonal form 
with ap,/ax = aplay = - O. 27e, and ap./az = - O. SSe, 
where the z axis is coincident with the CF bond and the 
x and y axes are perpendicular to it. 21<a) Since these 
values refer to a Cartesian coordinate system of the 
same orientation as the localized systems in Fig. 3, 
the individual polar tensor elements for the fluorine 
atoms in CHsF and C2H2Fa can be meaningfully com-
pared. The main feature of the fluorine polar tensor 
for difluoroethylene, i. e., that ap./azF is much larger 
than the other diagonal elements, is reflected in the 
methyl fluoride tensor supporting the transference of 
polar tensors, as a good first approximation in calcu-
lating infrared intensities. The differences in the sizes 
of corresponding diagonal elements for these two mole-
cules and the existence of a relatively large off-diagonal 
element for p~P) of C2HaF 2 indicate that for more re-
fined intensity calculations the transferred tensors 
must be modified in a way to reflect the different 
charges, charge fluxes, and polarization effects in the 
two molecules. 
It is perhaps of more interest to compare piF ) of 
vinylidene fluoride with the fluorine polar tensor of a 
very similar molecule such as F 2CO·. For a localized 
Cartesian coordinate system identical to the one shown 
in Fig. 3, piFl of F zCO has elements with values al-
most identical to the fluorine tensor in Table IX, within 
experimental error. The only exception occurs for 
ap~/ax~ with values of - 0.35 ± O. 03 and - O. 18 ± O. 02 
for F 2CO and 1, 1-C2H2F 2' 
The polarities of the dipole moment changes for 
simple stretching and bending modes can be determined 
using the values of the polar tensor elements in Table 
IX. Both ap •• /az~s and ap .. /az~. are negative indicating 
that as the CH and CF bonds are stretched, the ends of 
the dipoles in the direction of the stretched Hand F 
atoms become more negative. This is, of course, 
identical to the sense of dipole moment changes found 
for almost all stretching motions investigated thus far. 
The diagonal elements of the polar tensor for the x' and 
y', coordinates are negative for the fluorine tensor (in-
dicating a polarity equivalent to C+F-), whereas these 
elements are positive for hydrogen (i. e., polarity of 
C-H+). Again, these observations are consistent with 
those found in other investigations. 
The senses of the dipole moment changes for the sym-
metry coordinate distortions follow the same pattern, 
except for the polarity of the dipole moment change for 
the S12 distortion (see Fig. 2). In this case, the pre-
ferred experimental value indicates that as the fluorines 
and hydrogens are bent in the direction of the positive 
y axis, a small dipole moment is created having its 
positive pole also in the + y direction. The CNDO theory 
indicates that the value of apI aS12 is a result of dipole 
moment contributions of opposite polarities. The move-
ment of the negative fluorine atoms (CNDO calculated 
value of 0.1ge) in the positive y direction and the sp 
polarizations of the orbitals of these atoms provide a 
significant negative contribution to ap,,/aS12 • The move-
ment of the positive hydrogens (CNDO value of + O. 07e) 
and the sp polarizations of the carbon atomic orbitals 
partially compensate the contribution due to the fluorine 
atoms resulting in the CNDO value of - O. 118e A rad-1 • 
The small positive experimental value of aplas12 would 
result if, in reality, the relative importance of the 
positive contribution to this derivative is greater than 
the one reflected by the CNDO results. Indeed, the 
large hydrogen effective charge of vinylidene fluoride 
calculated from the intenSity sum suggests this possi-
bility . 
Finally, some comments must be made about the ac-
curacy of the intensity measurements. With the tech-
nological improvements witnessed in recent years, 
which greatly facilitate infrared intensity measure-
ment procedures, perhaps new measurements are in 
order. On the other hand, the very accuracte intenSity 
values recently measured by Kondo and co-workers for 
CSH4' C3D4,23 CHsF, and CD3F
21(a) are almost identical, 
within experimental error, to those values measured 
more than 20 years ago. The only exceptions are the 
Vu band of C3D4 and the V6 band of CDsF, both of which 
are relatively weak bands. Furthermore, the atomic 
effective charge values in Table IX provide a G sum rule 
estimate of 572 km mor l for the fundamental intenSity 
sum C2HDF 2, which agrees with the sum of intensity 
values in Table III within - 8%. This is very encourag-
ing conSidering the difficulty in measuring accurate 
infrared intensities of mixed hydrogen-deuterium mole-
cules. 
Any new intenSity measurements on these molecules 
should be concerned with the correct separation of the 
overlapped bands, a problem discussed in the experi-
mental section of this work. By far the largest experi-
mental error estimates in Tables I occur for com-
ponents of overlapped bands. To obtain a rough indi-
cation of the effect of band separation on the experi-
mental errors in Tables VI-IX, the sensitivity of the 
dipole moment derivatives, and polar tensor elements 
to different band separation ratios was tested. Ex-
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tremum values for the band separation ratio (as deter-
mined by the error limits in Table I) of one pair of 
overlapped bands were assumed. These values, along 
with the rest of the intensity values in Table I, were 
used to calculate ap/asj and polar tensor values for the 
preferred sign choices indicated in this work. The 
same type of calculation was repeated for each pair of 
overlapped bands. The variations in the ap/asj and 
polar tensor values encountered in these calculations 
account for about 50%-80% of the error values in Ta-
bles VI-IX, depending on the dipole moment derivative 
considered. Therefore, more accurate band separation 
can be expected to reduce the errors in these tables by 
50% or more. 
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